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FOREWORD 
T h i s  r e p o r t  has  been prepared accord ing  t o  t h e  pro- 
v i s i o n s  of Contract  NSR-10-005-047, Nat ional  Aeronautics 
and Space Adminis t ra t ion ,  wi th  the Un ive r s i ty  of F l o r i d a  
and covers  work performed dur ing  the pe r iod  1 A p r i l  1969 
through 30 June 1969. 
Personnel  engaged i n  t h i s  work were D r .  Henry C .  Brown, 
P r i n c i p a l  I n v e s t i g a t o r ,  and D r .  A .  R .  Mukherjee. 
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I. I N T R O D U C T I O N  
The o b j e c t i v e  of  t h i s  r e s e a r c h  i s  the s y n t h e s i s  of 
e l a s t o m e r i c  polymers t h a t  w i l l  be  r e s i s t a n t  to the  s t r o n g  
o x i d i z i n g  e f f e c t  o f  f l u o r i n e ,  oxygen d i f l u o r i d e ,  n i t r o g e n  
t e t r o x i d e  and s imi l a r  agen t s .  I n  a d d i t i o n ,  t h e  material 
should be f l e x i b l e  a t  cryogenic  tempera tures  
During the  p r e s e n t  q u a r t e r  two more perf luorodihydrox-  
amic a c i d s ,  namely s u c c i n i c  and a d i p i c ,  were prepared and 
p u r i f i e d .  L i k e  pe r f luo rosebac ic  hydroxamic a c i d ,  t h e  per f luoro-  
ad ipo  hydroxamic a c i d ,  on h e a t i n g  w i t h  phosphorous pentoxide ,  
y i e lded  a mixture  o f  i socyanate  and a c i d  o r  anhydride.  The 
a n a l y s i s  of  crude perfluorosebacodiisocyanate [obtained as 
d i s t i l l a t e  du r ing  d i s t i l l a t i o n  of t h e  l i q u i d  product1  by gas  
chromatogram showed t h r e e  i n g r e d i e n t s .  The major one on i so -  
l a t i o n  t u r n e d  to a whi t e  s o l i d ,  perhaps by r e a c t i o n  w i t h  mois- 
t u r e  and had the  same C : N  r a t i o  as that of fCF2)8(NC012. 
React ion of  perfluorobutyroisocyanate and ammonza 
has been s t u d i e d  under va r ious  cond i t ions .  While the  reac-  
t i o n  product  i s  a mixture  of  products  i n  most of the  a r e a s ,  
one procedure has  r e s u l t e d  i n  r e a c t i o n  of  f o u r  moles of 
ammonia w i t h  one mole o f  i socyana te ,  product be ing  CF3-CF2-b 
NH2 
0 4 
=NH-C-NH2eCF3-CF,- and NH,F (by-product, 2 5 % ,  
approximately) .  
Reac t ion  of pe r f luo robu tad iene  and s u l f u r  t e t r a f l u o r i d e  
i n  t he  presence  o f  cesium f l u o r i d e  i n  a s e a l e d  g l a s s  t u b e  o r  
pres su re  tube a t  h i g h  temperature  for long  time r e s u l t s  i n  
some h igh  b o i l i n g  l i q u i d  product ,  no t  yet  cha rac t e r i zed .  
Some g l a s s  r e a c t s  probably w i t h  SF4, r e s u l t i n g  i n  some in-  
so lub le ,  i n f u s i b l e  product .  Other r eac t3on  cond i t ions  are 
be ing  s t u d i e d .  
React ion of p e r f  luorosebacodiac id  c h l o r i d e  w i t h  
s i l v e r  cyanide above 170°C r e s u l t e d  i n  some dark re s inous  
product ,  which w a s  perhaps a mixture  and d i d  no t  show any ab- 
s o r p t i o n  f o r  the  -CN group i n  t h e  i n f r a r e d  s p e c t r a .  
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I1 ' D I S C U S S I O N  
A. Perfluorodihydroxamic Acids. 
Al toge ther  fou r  dihydroxamic a c i d s  have s o  far  
, ' g l u t a r i c  k F 2  (CF2CQNHOK12 1, a d i p i c  been prepared  from the corresponding e t h y l  es ters ,  succ in i c  [(CF2CONHOH) 
E C F 2 C F 2 C O N H O H )  and sebac ic  (CF218 (CONHOHl2 . Crude 
y i e l d  i s  always above 1 0 0 %  as it con ta ins  some sodium 
3 - C  1 
ch lo r ide .  A l l  these dihydroxamic a c i d s ,  u n l i k e  monohydrox- 
amic a c i d s ,  are nonhygroscopic, amorphous s o l r d s  which can- 
not  be sublimed under vacuum. The  h e s t  way of p u r i f i c a t i o n  
seems to be the removal of the i m p u r i t i e s  by s o l u t i o n  i n  
s u i t a b l e  s o l v e n t s  and h e a t i n g  under vacuum. Acetone seems 
t o  b e  the b e s t  so lven t  f o r  t h i s  purpose,  i n  which a l l  t h e  
dihydroxamic a c i d s  have good s o l u b i l i t y ,  while  sodium 
c h l o r i d e  i s  almost i n so lub le  i n  ace tone .  On h e a t i n g  the 
ace tone  so lub le  p a r t  under vacuum, some v i scous  subl imate  
was always obta ined;  t h i s  subl imate  might con ta in  some un- 
converted e s t e r  as it  showed an  i n f r a r e d  abso rp t ion  peak a t  
5 . 6 ~ .  
t i o n  r e a c t i o n  at c e r t a i n  tempera tures  under vacuum and as 
such h e a t i n g  under vacuum must be c a r r i e d  out  below that  
The dihydroxamic a c i d s  undergo a vigorous decomposi- 
decomposition tempera ture .  When no f u r t h e r  l i q u i d  sub l i -  
mate i s  ob ta ined ,  t he  r e s i d u e  might be cons idered  t o  b e  
f a i r l y  pure  dihydroxamic a c i d .  Overa l l  y i e l d  of p u r i f i e d  
3 
dihydroxamic a c i d  ranges from 6 5 8 0 %  
The i n f r a r e d  abso rp t ion  s p e c t r a  f o r  a l l  t h e  f o u r  d i -  
hydroxamic a c i d s  a r e  s imilar  except  for r e l a t i v e  i n t e n s i t i e s  
cha in  l e n g t h  i n c r e a s e s  f r o m  s u c c i n i c  t o  s e b a s i c ,  abso rp t ion  
i n  8.911 f o r  C-FZ becomes s t r o n g e r  while o t h e r  abso rp t ions  be- 
come weaker. 
B. Attempted s y n t h e s i s  o f  d i i s o c y a n a t e s  from dihydroxamic 
a c i d s .  
It was r e p o r t e d  i n  L e t t e r  Report No. 8 tha t  l i q u i d  
product ob ta ined  by  h e a t i n g  p e r f  luorosebacadihydroxarnic  a c i d  
and PzO 5 d i d  con ta in  some i socyana te ,  but  it could not  be 
sepa ra t ed  from t h e  mixture b y  d i s t i l l a t i o n .  The d i s t i l l a t e  
(sample A280) t h u s  obta ined ,  was passed through a f l u o r o s i l i -  
cone column i n  an Autoprep gas chromatograph ucder helium flow 
and was found t o  con ta in  mainly t h r e e  i n g r e d i e n t s .  The one 
coming ou t  l as t  was the major component and was c o l l e c t e d ;  
however, it soon tu rned  t o  white  s o l i d ,  p r o b a b l y  by r e a c t -  
i n g  w i t h  mois ture .  The s o l i d  was e x t r a c t e d  w i t h  e ther ,  d r i e d  
and analyzed (m.p. :230-233*C). It might be e i t h e r  (CF2)8 
(NHCOOH), o r  (CF2)6(CF=NCOOH)2 as pe r  t heo ry  w i t h  C:N r a t i o  
a t  10:2 i n  both of them. The a n a l y s i s  r e s u l t  (Sample A-285) 
did show C:N r a t i o  1 0 . 2 ,  but t h e  i n f r a r e d  s p e c t r a  of t h i s  
sample resembled that  of a p e r f l u o r o a c i d  amide. 
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I ) .  
A p o r t i o n  of d i s t i l l e d  i socyanate  mixture (Sample 
A-280) was t r e a t e d  w i t h  water  ove rn igh t ,  r e s u l t i n g  i n  forma- 
t i o n  of  some white s o l i d  having a mel t ing  po in t  range. T h i s  
s o l i d ,  on be ing  hea ted  under vacuum a t  about 1 0 O - 1 2 O 0 C  f o r  
a long t ime,  gave some white subl imate  mostly mel t ing  at  100- 
1 0 5 O C .  The r e s i d u e  could be sublimed a t  or above 17OOC un: 
d e r  vacuum (Sample No. A-287) and had a mel t ing  po in t  and in-  
f r a r e d  s p e c t r a  s i m i l a r  t o  t ha t  of  Sample A-285. The lower 
mel t ing  subl imate  had an i n f r a r e d  s p e c t r a  almost t h e  same as 
t h a t  of A-287, bu t  had an e x t r a  peak a t  4 . 4 ~ .  
A small p o r t i o n  of perfluoroadipodihydroxamic a c i d ,  
on be ing  heated w i t h  excess  of P205 a t  h i g h  tempera ture ,  gave 
some product which condensed as a l i q u i d  a t  dry-ice-acetone 
temperature .  A p o r t i o n  of i t  was a low b o i l i n g ,  l o w  molecular 
weight ( 4 2  approx) gas having i n f r a r e d  abso rp t ion  a t  5.5~-5.611. 
The r e s i d u a l  l i q u i d  was a mixture  con ta in ing  some i socyanate  
as i n d i c a t e d  by  i n f r a r e d  s p e c t r a  and could be t r a n s f e r r e d  i n  
vacuum system a t  room temperature .  Experiment i s  to be r e -  
. pea t  e d. 
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C. React ion of perf luorobuty’rois .ocyanate’  w i t h  excess  o f  
ammonia. 
It has been r e p o r t e d  p rev ious ly  t ha t  t h e  r e a c t i o n  of 
C3F,NC0 w i t h  one to two moles of  ammonia p e r  mole of isocya- 
n a t e ,  a l w a y s  r e s u l t e d  i n  a mixture of products  ( s o l i d  t semi- 
s o l i d  mass), w i t h  o v e r a l l  y i e l d  ranging  f rom 60-100%, based 
on 1:l a d d i t i o n ,  and w i t h  ammonium f l u o r i d e  be ing  one of the 
by-products. Some i socyanate  always was l e f t  unreac ted  sug- 
g e s t i n g  an i n s u f f i c i e n t  ammonia supply.  Therefore  it might 
be concluded tha t  one mole of C,F,NCO could r e a c t  w i t h  more 
t han  two moles of  NH,. 
An experiment c a r r i e d  out  by keeping t h e  i socyanate  
i n  e t h e r  at  dry- ice  temperature  and by slowly condensing i n  
ammonia u n t i l  it w a s  i n  e x c e s s , r e s u l t e d  m a k l y  i n  two reac-  
t i o n  products .  The m a t e r i a l  balance i n d i c a t e d  a d d i t i o n  of ap- 
proximately t h r e e  t o  four moles o f  ammonia p e r  mole o f  C3F7’ 
NCO. The most probable  scheme of  a d d i t i o n  might be presented  
as : 
1 
CF, -CF2-qF-NH-C?, NH3f3) 
NH2 NH,( 
CF,-CF,-CF,-NH-C-NH, 40 
CF3-CF2-C =N-C” + NH&F(B) 
i LNH, 
L 
NH2 
5 
n-. - 6 
II 0 
CF - CF, - C- NH-CQ 
I! ~ N H  
NH 
According t o  t h i s  scheme, the o v e r a l l  y i e l d  i s  132% o f  i so -  
cyanate  used; y i e l d  of  5 o r  6 3 7 3 . 5 %  and NI-E,F," 26.5% of  
o v e r a l l  y i e l d .  I n  a c t u a l  experiment ,  t h e  product was a 
white s o l i d  showing a weight i n c r e a s e  of about 25-303 over  
t h e  weight of  i socyana te  used. Yie ld  of  NH,,F ( i d e n t i f i e d  
by us ing  pure NH,F as r e f e r e n c e )  w a s  about 2 4 %  of o v e r a l l  
y i e l d .  Other main product  (65-70% of  t o t a l  y i e l d )  has been 
i d e n t i f i e d  as e i t h e r  2 o r  6 by e lementa l  a n a l y s i s  and i n f r a -  
red s p e c t r a .  The remainder was a l i t t l e  semi-sol id  mass. 
Products  from r e a c t i o n  of CF,NCO and C,F,NCO w i t h  excess  of 
/u 4 
- 
P 
ammonia under s imi la r  cond i t ions  are be ing  cha rac t e r i zed .  
D. React ion of hexaf luorobutadiene  (HFBD: and s u l f u r  
t e t r a f l u o r i d e  i n  presence of  cesium f l u o r i d e .  
Hexafluorobutadiene and s u l f u r  t e t r a f l u o r i d e ,  when 
kept  i n  presence o f  cesium f l u o r i d e  i n  a sealed g l a s s  t ube  
o r  p re s su re  tube  f o r  a long  t i m e  a t  h igh  tempera ture  (150- 
25OoC,), reac ts  t o  produce some h ighe r  b o i l i n g ,  f a i r l y  
v o l a t i l e ,  c o l o r l e s s  l i q u i d .  The y i e l d  might be as h igh  as 
50% (based on KFBD and SF, u sed ) .  Under t h e  cond i t ions  of 
the experiment ,  t h e  g l a s s  r e a c t o r  i s  corroded,  probably by  
r e a c t i o n  w i t h  hydrogen f l u o r i d e  i n  the SF, and some dark 
co lored  i n s o l u b l e ,  i n f u s i b l e  s o l i d  is- obta ined .  
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The crude l i q u i d  product  could b e  e a s i l y  t r a n s f e r r e d  
i n  a vacuum system, developed p res su re  of  about 2 - 0.5  cm 
at room tempera ture  wi th  corresponding molecular  weights  
(vapor d e n s i t y )  from 330-500; a c t u a l  mol. w t s .  might be 
h ighe r  as t h e  sample might con ta in  l i t t l e  HFBD as i n d i c a t e d  
by i n f r a r e d  s p e c t r a  of  t h e  gas  showing very weak abso rp t ion  
a t  5.611 (for HFBD) and 5.8-6.211 ( f o r  C=C ? I .  The samples 
on be ing  passed  through a column o f  f l u o r o s i l i c o n e  i n  'Auto- 
prep '  gas  chromatograph showed at  l ea s t  five peaks of 
variable  i n t e n s i t i e s .  For one sa-mple, the first two compo- 
n e n t s  and l a s t  three components [major f r a c t i o n ]  were co l l ec -  
t e d  as f r a c t i o n  1 and 2 , r e s p e c t i v e l y .  But i n f r a r e d  s p e c t r a  
of f r a c t i o n  1, 2 and the s t o r e d  sample itself looked almost 
a l i k e .  The s p e c t r a  showed almost no abso rp t ion  below 7 .0~1,  
s t r o n g  C-F abso rp t ion  a t  7.5-9.011 and o t h e r  abso rp t ion  peaks 
t h e r e a f t e r .  From gas chromatograph a n a l y s i s  and i n f r a r e d  
s p e c t r a ,  it seems t h a t  the  l i q u i d  might even be a mixture  o f  
t e lomers  as sugges ted  i n  the  proposed r e a c t i o n :  
CF,=CF-CF=CF, + SF, -> CF,CF,-CF,-CF,-SF 1 € 3 3  - 
t e rmina ted  probably by  F i o n s .  The l i q u i d  product be ing  
i m m i s c r k k  i n  'd iglyme' ,  t h e  r e a c t i o n  w i l l  b e  conducted i n  
'diglyme' medium f o r  b e t t e r  y i e l d ,  e t c .  The e lementa l  a n a l y s i s  
is  awaited.  
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. React ion of per f luorosebacodiac id  c h l o r i d e  w i t h  s i l v e r  
cyanide.  
Like p e r f l u o r o g l u t a r o d i a c i d  c h l o r i d e ,  pe r f luo ro -  
sebacodiac id  c h l o r i d e  a l s o  produced some dark r e s i n o u s  mass 
when hea ted  i n  the presence of AgCN C170-23OoC) f o r  s e v e r a l  
hours  i n  a p r e s s u r e  tube .  Any unreac ted  a c i d  c h l o r i d e  must 
have been converted t o  a c i d  i n  atmosphere, as it w a s  d i f f i c u l t  
t o  s e p a r a t e .  The  Ag sa l t  tu rned  dark co lored  dur ing  r e a c t i o n .  
A p o r t i o n  e x t r a c t e d  with t e t r a h y d r o f u r a n  and then  w i t h  e t h e r  
was a dark co lored  mass, probably a mixture  con ta in ing  some 
a c i d ,  showing no i n f r a r e d  abso rp t ion  for t h e  CN group. 
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I11 EXPERIMENTAL 
A. . Prepa ra t ion  of perfluorodihydroxamic a c i d s .  
1. 
a. 
Decafluorocyclohexene ( C 6 F l o ) -  - 197 g (0.75m) 
Acetone - - -  1.6  l i t r e  
170  m l  Water - - -  
F i n e l y  powdered KMn04, s ce tone  and water were placed 
i n  a 31 3-necked R.B. f lask having a s t i r r i n g  bar ,  r e f l u x  con- 
denser  and dropping funnel .  Contents o f  t h e  f lask were cooled 
by  i c e  water  and C 6 F i o  was s l o w l y  added i n  drops  from dropping 
funnel  w i t h  s t i r r i n g  over a per iod  o f  3 hours ,  keeping the  
con ten t s  f a i r l y  co ld  (near  Poem t empera tu re )  a l l  t h e  t ime.  Af-  
t e r  completion of a d d i t i o n ,  s t i r r i n g  was continued f o r  one more hour 
thencon ten t s  allowed to s t and  ove rn igh t ,  and f i l t e r e d  twice t o  
remove MnO, completely.  Acetone w a s  removed f r o m  t h e  f i l t r a t e  
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under reduced p r e s s u r e ,  t h e n  about 100 m l  H,S04 was added 
slowly. I n  t h i s  s t a g e ,  the  mass t u r n s  dark co lored  i f  i t  i s  
no t  s u f f i c i e n t l y  cooled before  a c i d  a d d i t i o n .  Pe r f luo road ip ic  
a c i d  forms a s e p a r a t e  l a y e r  f rom the remaining mass at t h i s  
t can be f u r t h e r  s epa ra t ed  b y  a d d i t i o n  of ether 
i s  h igh ly  so lub le .  The e ther  s o l u t i o n  was then  
e r  reduced p r e s s u r e  and t h e n  under vacuum t o  remove the 
of  a d i p i c  a c i d  obta ined  as 
d a r k  Qr w h i . t i s k  s o l i d ;  Yield:  75-85%;color of  the a c i d  can 
be removed by b leaching  wi th  SO, i n  ether s o l u t i o n ,  which 
was no t  t r i e d .  
b .  Prepa ra t ion  d i e t h y l p e r f l u o r o a d i p a t e  : 
(CF2l4 (COOHI2 - - -  145g (0.5 m )  
Benzene - - -  600 mi 
E t h y l  a l coho l  (Abs) - - -  
H2S04 (cone) - - -  
130 m l .  
2 ml 
Contents were taken  i n  a 2 4  f l a s k  wi th  a s t i r r i n g  bar and a d i s -  
t i l l a t i o n  head a t t a c h e d  to a water s e p a r a t o r  and allowed to r e -  
f l u x  t i l l  no more water  was c o l l e c t e d  i n  t h e  r e c e i v e r .  Benzene 
and a l coho l  w a s  removed under reduced p res su re .  The dark  v i s -  
cous r e s i d u a l  l i q u i d  i n  t h e  f l a s k  w a s  washed r epea ted ly  with 
cold water ,  e x t r a c t e d  with e t h e r  and e t h e r  was removed under r e -  
duced p res su re  t o l e a v e  t h e  crude e s t e r .  It was d r i e d  overnight  
over D r i e r i t e  and d i s t i l l e d  either under atmospheric p re s su re  
(b.p.  221-224OC) or under reduced p res su re  (b.p. 122-124OC / 
50-55 mm p r e s s u r e ) .  The d i s t i l l a t e  was a c l e a r  c o l o r l e s s  l i q u i d ;  
Yield:  70-75%. 
e.  P repa ra t ion  of dihydroxamic a c i d  from e t h y l  
e s t e r :  
(CF2)4 (COOC,H5)2- - - 69.2g (0 .2  m)  
NH,OH a h-e1 
CH 30Na - - -  21.6g (0 .4  m )  - 
- - -  28 g (0 .4  m) 
CH,OH 
11 
Method of p repa ra t ion  has  been desc r ibed  p rev ious ly .  N a  C1 
sepa ra t ed  : 20 g (Theor. 23.2g) ,  crude y i e l d :  almost white 
s o l i d ,  68 g (Theor.:  64 g ) ,  approx. 100% y i e l d .  Crude pro- 
duct  can  be d i s so lved  i n  e i t h e r  t e t r ahydro fu ran  or ace tone  
t o  remove t h e  l a s t  t r a c e  of N a C l  p r e s e n t ,  which i s  in so lu -  
b l e  i n  bo th  the  s o l v e n t s .  The s o l u t i o n  on be ing  d r i e d  and 
hea ted  under vacuum a t  80-1oo0c, g ives  some s t i c k y  white  sub- 
l imate  and r e s i d u a l  s o l i d  which i s  cons idered  to b e  f a i r l y  
pure hydroxamic a c i d .  The sample on h e a t i n g  under vacuum 
a t  about 115-12OoC decomposes, t h e  r e a c t i o n  be ing  rather 
v igorous  and probably exothermic.  
m.p. : 195-196Oc. 
(CF, 1 ,+ (CONHQH) , prepared:  
Analys is  r e s u l t s  (Sample A-281). 
Theory Reported 
22.50 %C 22.54 
8.75 %N 8.45 
1 . 2 5  XH 1.25  
2. P repa ra t ion  o f  perfluorosuccinodihydroxamic a c i d .  
(CF,COOC2H5)i D i s t i l l e d  Sample, b.p.  101-103°C/ 
50-55 mm p res su re  
: 18.4g (0.075 m) 
C H 3 0 N a  : 8 . l g  (0.15 m) 
NH20H*HC1 : 10.5g (0.15 m) 
CH3OH : 200 m l  approx. 
The method of  p repa ra t ion  has  been r epor t ed  previous ly .  N a C l  
s epa ra t ed  :6g (Theor.: 8 .7g) .  Crude Yield:  18.5g of  white 
s o l i d  (Theor.: 16 .5 ) ,  almost 100%. Crude sample was d i s so lved  
12 
i n  t e t r a h y d r o f u r a n  o r  acetone to remove l a s t  t r a c e  o f  Na 
e r  vacuum a t  8ooc 
Theory 
21.82 %C 22.46 
%N 12 27 12  73 
1.82 %H 
B. Attempted s y n t h e s i s  o f  d i i s o c y a n a t e  from dihydroxamlc 
a c i d s .  
(CF,),(CONHOH), heated  wi th  P,O,-> Liquid product 
d i s t i l l e d  .-3 D i s t i l l a t e  c o l l e c t e d  over  a range of  tempera- 
t u r e  (145-19OoC)---, A mixture  con ta in ing  some i socyana te  
as i n d i c a t e d  by i n f r a r e d  s p e c t r a .  (Sample A-2801. 
D i s t i l l a t e  -7 passed through gas  chromatograph ____;$ 
major f r a c t i o n  c o l l e c t e d  t u r n s  t o  white s o l i d ,  Sample A-285, 
m.p. 230-233OC. I n f r a r e d  s p e c t r a  peaks a t  2.9511, 3.1511, 
5.8,, 6.15,, '7.lu, 8.3p, 8.7,,, e t c . ,  looks  l i k e  t h e  s p e c t r a  
of  an a c i d  amide. 
(P lease  s e e  Discussion,  See. B. f o r  d e t a i l s .  
Analysis Resul t  (Sample A-285) 
Theory Reported 
CF2) ,(NH COOHI 2 
23.08 25.0 % C  24.08 
(CF 2) ,(CF=NCOOHl 2 
5 .4  
0.77 
5.84 
* -  
0.83  
%N 5.97 
%H 1 . 0 4  
A white s o l i d  was obta ined  by t r e a t i n g  d i s t i l l a t e  A-280 wi th  
water ove rn igh t .  (P lease  see  Discussion Sec.B. f o r  d e t a i l s ,  
Sample A-287). 
C .  P repa ra t ion  of perfluorobutyroisocyanate and i t s  
r e a c t i o n  w i t h  excess  o f  ammonia i n  e t h e r .  
1. Prepa ra t ion  and p u r i f i c a t i o n  of i socyanate .  
Perfluorobutyrhydroxamic acid,sublimed sample, 6 1  g ,  
was i n t i m a t e l y  mixed w i t h  about 200 g of  f r e s h  P20, and hea ted  
i n  a f l a s k  w i t h  two dry-ice-cooled t r a p s  and guard t u b e s  f o r  
C O P  and moisture .  
suddenly t h e  whole mass melted and fumed [gas e v o l u t i o n ) ;  t h e  
At about 96-98"C (m.p. o f  hydroxamic a c i d ) ,  
vigorous r e a c t i o n  s tar ted w i t h  a r i s e  of t empera tu re .  The 
h e a t i n g  mantle was removed to coo l  t h e  f l a s k .  No i socyanate  
was formed o r  c o l l e c t e d  i n  t h e  t r a p  du r ing  t h i s  r e a c t i o n .  The 
f lask w a s  a s a i n  hea ted  without  any f u r t h e r  r e a c t i o n  u n t i l  200°C 
when i socyanate  began to c o l l e c t  i n  t h e  t r a p .  The  f l a s k  w a s  
slowly hea ted  up to 320°C over 2 days and h e a t i n g  was stopped 
when no f u r t h e r  i socyanate  was c o l l e c t e d :  
1 4  
Product :  Some CO , (which i s  probahly h igh ly  
so lub le  i n  i socyana te ,  C,F,NCO and some anhydride 40g ap- 
prox. I socyanate  was sepa ra t ed  from anhydride by keeping 
t h e  t r a p  i n  dry-ice-acetone and c o l l e c t i n g  the i socyana te  . 
i n  ano the r  t r a p  cooled i n  l i q u i d  a i r  i n  vacuum system. T o t a l  
i socyana te  c o l l e c t e d :  34g, M.W. : 200-217 (by vapor d e n s i t y ) ,  
p u r i t y  checked by i n f r a r e d  s p e c t r a .  
2.  React ion w i t h  ammonia: 1 0 0  m l  ether was t aken  i n  a 
1.e f l a s k  f i t t e d  w i t h  a co ld  f i n g e r .  About 24-25g of C,F,NCO 
was condensed i n  t h e  f l a s k ,  cooled  i n  dry-ice-acetone and 
dry- ice  was kept  i n  t he  co ld  f i n g e r  which was f i t t e d  w i t h  
guard t u b e s  f o r  mois ture  and 60,. NH3 gas  was slowly passed 
i n  t h e  f l a s k  through a s i d e  tube  and f l a sk 'was  shaken from 
t i m e  t o  t i m e .  I n  t h i s  way r e a c t i o n  proceeded slowly and no 
exp los ive  s i t u a t i o n  developed. Product s e t t l e d  as w h j - t e  s o l i d  
i n  e t h e r .  
flow of NH ,was s topped,  and flask was kept  under reduced 
p res su re  and then  under vacuum t o  remove excess  NH, and e ther .  
The .product was a white ,  dry s o l i d ,  f a i r l y  hygroscopic;  it 
p a r t i a l l y  melted over  a range o f  temperature  (a  mix tu re ) .  
Yield:  31.5-32g. One mole o f  C3F,NC0 reac ted , appa ren t ly ,  
with 3-4 moles o f  NH,. 
When excess  NH, began t o  condense from co ld  f i n g e r , -  
10.2g of white s o l i d  product w a s  t r e a t e d  w i t h  50 m l  
acetone i n  which major p o r t i o n  was so lub le .  Residue l e f t ,  2 .4g  
white  s o l i d ,  which was h igh ly  hygroscopic i n  n a t u r e ,  mostly 
melted a t  170-175"C, w a s  completely so lub le  i n  water; an 
aqueous s o l u t i o n  l i b e r a t e d  NH, on a d d i t i o n  o f  c a u s t i c  soda. 
This  happens t o  be t h e  c h a r a c t e r i s t i c s  of  pure NH,F, prepared 
by a d d i t i o n  o f  l i q .  NH,OH and HF (49%) and c r y s t a l l i z a t i o n  o f  
t h e  s o l i d  out  of aqueous s o l u t i o n .  The i n f r a r e d  s p e c t r a  of 
t h e  two s o l i d s  were a l s o  similar, e .g .  peaks a t  2.8-3.711, 
(broad) ,  4 . 4 ~ 1 ,  5 . 0 ~ ,  5 . 8 - 6 . 2 ~  (weak), 6 . 7 p ,  7 . 1 ~ ,  e t c .  Fu r the r  
e x t r a c t i o n  o f  t h e  s o l i d  wi th  acetone gave no product .  
On r epea ted  evapora t ion  and coo l ing  of an acetone 
s o l u t i o n ,  a white c r y s t a l l i n e  s o l i d  sepa ra t ed ,  t o t a l  6.8g, 
nonhygroscopic, very  low s o l u b i l i t y  i n  e ther  and i n s o l u b l e  i n  
water; t h i s  product could be t o t a l l y  sublimed a t  80-85"C, 
vacuum, m.p. 153-155"C. (Sample A-283). The  remainder was a 
l i t t l e  semisol id  mass (about 1 g ) .  
Analysis r e s u l t s  (Sample A-283).  
Theory 
f o r  C,F,N,H,O (Dissc.  Sec.C.1. 
23 .41  
20.49 
1.95 
46.34 
%C 
%N 
%H 
%F 
Reported 
23.58 
20.23 
1 . 9 2  
46.22,  46 .44  
D. React ion of Hexafluorobutadiene mBD)and ‘ su l fu r  
t e t r a f l u o r i d e  i n  the presence  o f  Cesium F luor ide .  
Powdered CiF, 13.5g, w a s  t aken  i n  a thick-walled 
g l a s s  t ube  under n i t rogen  atmosphere, and hea ted  under  
vacuum a t  200-275OC f o r  two days.  Then 5.Qg of  SF4 and 
of  HFBD were condensed i n  the tube ,  t h e  tube  w a s  sealed 
6.8g 
and 
heated up to 25OoC over  a f e w  days .  The  whole mass g radua l ly  
tu rned  very dark .  The tube  w a s  opened a f t e r  2 weeks and at-  
tached to t h e  vacuum s y s t e m .  Res idua l  gas ,  coming ou t  under 
vacuum, had molecular weight r ang ing  from iao-180, conta ined  
unreac ted  SF4 and HFBD and t o t a l  weight of gas  w a s  5.4g. 
Res idua l  l i q u i d ,  developing very  l i t t l e  p res su re  (2.5-0.5 ern) 
a t  room t e p e r a t u r e ,  conta ined  some HFBD and weight 4-4.2g. 
Rest of  i npu t  (1.2-1.4g) w a s  unaccounted f o r .  Res idua l  dark  
s o l i d  i n  the tube  w a s  no t  completely so lub le  i n  water. A 
p o r t i o n  of  it, 3g approx. w a s  insolubl’e, i n f u s i b l e  material. 
